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ALLAN in altered and possibly degraded stream habitat. Natural hydrologic variability, and high flows in particular, move and sort sediments, and through cycles of erosion and deposition create a variety of channel features, including riffles, pools, bars, and islands; cause channel migration; maintain floodplain connectivity and other complex elements of floodplain river channels, including meander loops and side channels; and make the land-water interface both complex and dynamic (Junk et al. 1989 ). The resultant ever-changing mosaic of habitat patches, ecotones, and successional stages-the riverscape in all its complexity-is largely responsible for the high biodiversity of these systems (Robinson et al. 2002 , Ward 1998 . In this patch dynamics perspective (Townsend 1989, Hildrew & Giller 1994), the interaction between species-specific habitat needs, life histories, and dispersal ability and the ever-shifting temporal and spatial mosaic of stream habitats support greater diversity than would occur were the habitat unchanging. Thus, both the variety and the variability of habitat are important in influencing the biological diversity of streams and are linked to the larger stream system and surrounding landscape. Human actions at the landscape scale disrupt the geomorphic processes that maintain the riverscape and its associated biota and frequently result in habitat that is both degraded and less heterogeneous. is expected to be only negative, a number of environmental stressors have positive influence at low to moderate concentrations. For example, a subsidy-stress response (Odum et al. 1979) may be a common outcome of riparian thinning and a low intensity of agriculture, in which initial increases in light, nutrients, and water temperatures increase periphyton biomass and macroinvertebrate abundance, with no apparent decline in diversity, whereas further intensification of agriculture results in loss of diversity and sensitive species (Quinn 2000) . Ultimately, the range of stream conditions from pristine to profoundly impacted reflects the system's integrated response to various human disturbances acting through the physical space of the catchment hierarchy, over short (pulse) and long (press) durations, and with cascading influences via local habitat structure and food web interactions (Quinn 2000 , Townsend & Riley 1999 . Different disturbances will exert their influence at different spatial scales and by different pathways (Table 1) . Because streams are usually affected by multiple and interacting disturbances, matching a response to the responsible stressor can be very (Richards et al. 1996) , and 36% to 84% (Roth et al. 1996) . Streams draining these landscapes can be expected to experience a wide range of human influences.
Assessment of River Health
Urban land use is commonly a low percentage of total catchment area, yet it exerts a disproportionately large influence both proximately and over distance Major changes associated with increased urban land area include increases in the amounts and variety of pollutants in runoff, more erratic hydrology owing to increased impervious surface area and runoff conveyance, increased water temperatures owing to loss of riparian vegetation and warming of surface runoff on LANDSCAPES AND RIVERSCAPES 267 exposed surfaces, and reduction in channel and habitat structure owing to sediment inputs, bank destabilization, channelization, and restricted interactions between the river and its land margin (Table 1) (Table 1) . However, our understanding of the relationships between anthropogenic land use and the ecological integrity of streams is complicated by covariation between anthropogenic and natural gradients, issues of scale, and uncertainties concerning the importance of legacies and thresholds. These challenges are now examined individually, although all may be of importance in a particular catchment study. Streams with more than 10% agricultural land in their buffers were almost invariably impaired, particularly as indicated by an IBI for fishes, whereas invertebrate and algal metrics were less sensitive to land use. However, because riparian vegetation, geologic conditions, and hydrologic conditions were all correlated with the response of biotic metrics to agricultural land in the catchment, and because the relationships varied with the taxonomic group assessed, researchers could not confidently separate the interrelated effects of geologic setting, catchment and buffer land cover, and base flow.
Covariation of Anthropogenic and Natural Landscape Features
Spatial Scale
Multiscale investigations often evaluate the relationship between stream condition and land use measured at several of the following scales: (a) the local reach, described by a buffer of 100 m to several hundred meters in width on each bank, and some hundreds of meters to a kilometer in length; (b) a buffer of similar width but of greater length, often the entire upstream distance for a small stream; and (c) the entire catchment upstream of a site (Figure 3) . These scales will be referred 
Legacy Effects
Legacy effects are the consequence of disturbances that continue to influence environmental conditions long after the initial appearance of the disturbance. Observing that the present-day diversity of stream macroinvertebrates and fish in forested catchments of the Appalachians, which previously had been farmed, were more similar to streams from present-day agricultural landscapes than from present-day primary forest, Harding et al. (1998) Our understanding of the pathways and mechanisms through which land use influences stream conditions is informed by the comparative and empirical approach that has been the focus of this review; yet, it can also be said that this knowledge at present is extremely limited, particularly for prescriptive management. Our limited understanding is due in part to the multiple effects of a particular change in land use and in part to the influence of local setting and underlying natural variation. Clearly, the influence of the surrounding landscape on a stream is manifest LANDSCAPES AND RIVERSCAPES 277 across multiple spatial scales and is further complicated by legacies from prior human activities. Thus, landform apparently operates mainly at the larger scale of catchment and region through its influence over geology, climate, vegetation, and topography, whereas the influence of land use operates across all scales, depending on the response variable of concern. Whether threshold responses are widespread is uncertain, owing partly to the scatter that is common in empirical relationships between land use and stream response. However, impacts of urban land use are clearly experienced at considerably lower percentages of catchment area than is true for agricultural land use, and most studies report a nonlinear response of stream condition to increasing urbanization.
Integrative measures of stream condition, including IBIs and percent similarity measures, are particularly useful for assessing overall stream health because they integrate multiple influences. However, species traits, feeding and reproductive guilds, taxa of known tolerance to particular stressors, and other less-aggregated measures are likely to prove more useful in evaluating pathways and mechanisms (Poff 1997 
